Cell-matrix interaction is required for tissue development. Laminin, a major constituent of the basement membrane, is important for structural support and as a ligand in tissue development. Laminin has 19 isoforms, which are determined by combinational assembly of five α, three β, and three γ chains (eg, laminin 121 is α1, β2, and γ1). However, no report has identified the laminin isoforms expressed during pituitary development. We used in situ hybridization to investigate all laminin chains expressed during rat anterior pituitary development. The α5 chain was expressed during early pituitary development (embryonic day 12.5-15.5). Expression of α1 and α4 chains was noted in vasculature cells at embryonic day 19.5, but later diminished. The α1 chain was re-expressed in parenchymal cells of anterior lobe from postnatal day 10 (P10), while the α4 chain was present in vasculature cells from P30. The α2 and α3 chains were transiently expressed in vasculature cells and anterior lobe, respectively, only at P30. Widespread distribution of β and γ chains was also observed during development. These findings suggest that numerous laminin isoforms are involved in anterior pituitary gland development and that alteration of the expression pattern is required for proper development of the gland.
I. Introduction
Tissue development is regulated by numerous factors, including cell-cell and cell-matrix interaction. The basement membrane is a specialized extracellular matrix that is important in tissue development [13, 29] . One of its roles is maintenance of tissue architecture and integrity through cell-basement membrane interaction, as described by Yurchenco [30] . Laminin is a major component of the basement membrane and is primarily responsible for this function, as its N-terminal domain initiates basement membrane assembly [14, 21] . In addition to structural support, laminin acts as a ligand that binds cell surface receptors to regulate cellular activities [25] .
Laminin is a cross-shaped molecule composed of α, β,
Correspondence to: Takashi Yashiro, MD, PhD, Department of Anatomy, Jichi Medical University School of Medicine, 3311-1 Yakushiji, Shimotsuke, Tochigi 329-0498, Japan. E-mail: tyashiro@jichi.ac.jp and γ chains [24] . Durbeej [6] reported that it comprises five α, three β, and three γ chains, which assemble into 19 different laminin isoforms, depending on their combination (eg, the laminin isoform comprising the α1, β2, and γ1 chains is referred to as laminin 121 according to the nomenclature proposed by Aumailley et al. [2] ). Recently, we found that, in adult rat anterior pituitary, gonadotrophs produce laminin 111 and 121, while endothelial cells produce laminin 411 and 311 [20] . Our research group also showed that laminin facilitates proliferation and motility of folliculostellate cells, ie, non-granulated cells, in anterior pituitary gland [10, 11] . Since pituitary development results from integration of cell proliferation, migration, and differentiation, it is essential to consider whether certain laminin isoforms contribute to these events. However, no report has identified the laminin isoforms expressed during different developmental stages of the anterior pituitary gland. Here, we used in situ hybridization to investigate the expression and localization of laminin chains during the development of rat pituitary gland.
II. Materials and Methods

Animals
Wistar rats were purchased from Japan SLC (Shizuoka, Japan). The animals were given conventional food and water ad libitum and were kept under a 12 hr light/12 hr dark cycle. Room temperature was maintained at approximately 22°C. All animal experiments were performed after receiving approval from the Institutional Animal Experiment Committee of the Jichi Medical University and were conducted in accordance with the Institutional Regulations for Animal Experiments and Fundamental Guideline for Proper Conduct of Animal Experiments and Related Activities in Academic Research Institutions, under the jurisdiction of the Japanese Ministry of Education, Culture, Sports, Science and Technology.
Tissue preparation
To obtain samples at embryonic day 12.5 (E12.5), E15.5, and E19.5, pregnant rats were decapitated after deep anesthesia with pentobarbital sodium (Kyoritsu Seiyaku, Tokyo, Japan), and the heads of embryos were fixed with a solution of 4% paraformaldehyde (PFA) in 0.025 M phosphate buffer (PB), pH 7.4, at 4°C overnight. For samples at postnatal day 5 (P5), P10, and P30, rats were decapitated, and dissected pituitaries were fixed in 4% PFA in 0.05 M PB, pH 7.4, at 4°C overnight. All samples were mixed-sex, except for P30 (which only included males). They were transferred into 30% sucrose in 0.05 M PB buffer, pH 7.2, at 4°C and incubated for 2 days. Tissues were then embedded in Tissue-Tek compound (Sakura Finetechnical, Tokyo, Japan) and frozen rapidly. A cryostat (CM3000; Leica Microsystems, Wetzlar, Germany) was used to make sections (thickness, 8 μm; sagittal sections for prenatal samples and frontal sections for postnatal samples).
In situ hybridization
In situ hybridization for each laminin chain was performed as described previously [20] . Briefly, to make complementary RNA (cRNA), DNA fragments were amplified from cDNA of adult rat pituitary using gene-specific primers (for primer information, see [20] ). A BLAST search to verify the specificity of probe sequences confirmed that each probe sequence was specific to the target gene. DNA fragments were ligated into the pGEM-T vector (Promega, Fitchburg, WI, USA) and cloned. Gene-specific antisense or sense digoxigenin (DIG)-labeled cRNA probes were made by using a Roche DIG RNA labeling kit (Roche Diagnostics, Penzberg, Germany). DIG-labeled cRNA probe hybridization was performed at 55°C for 16-18 hr. Each mRNA type was visualized with alkaline phosphatase-conjugated anti-DIG antibody (Roche Diagnostics) by using 4-nitroblue tetrazolium chloride and 5-bromo-4-chloro-3-indolyl phosphate (Roche Diagnostics). Sections treated with DIG-labeled sense RNA probes were used as a negative control to confirm probe specificity. No signal was detected in any sense probes. Sections were observed using an AX-80 microscope (Olympus, Tokyo, Japan).
III. Results
To identify the laminin chains present in the prenatal (E12.5, E15.5, and E19.5) and postnatal (P5, P10, and P30) pituitary gland, we performed in situ hybridization for all laminin chains, using specific cRNA probes. All signals of α, β, and γ chains were observed in the cytoplasm. The expression and localization of each laminin chain are summarized in Table 1 .
Prenatal laminin chain expression
At E12.5, epithelium cells of oral ectoderm were invaginated to form Rathke's pouch (the origin of the adenohypophysis) and stratified ( Fig. 1a) . At this stage, only α5 mRNA was intensely expressed in apical cells and weakly expressed in cells near the basal to intermediate layers of epithelia (Fig. 1p, p' ). In contrast, α1-4 mRNAs were not detectable in any cell of the pouch (Fig. 1d , g, j, m). All β1-3 and γ1-3 mRNAs were expressed in epithelial cells of the pouch, as summarized in Table 1 .
At E15.5, the adenohypophysis differentiated into the pars distalis, pars intermedia, and pars tuberalis (Fig. 1b) . At this point, α5 mRNA was intensely expressed in cells of the pars distalis and pars intermedia and weakly expressed in cells of the pars tuberalis (Fig. 1q, q' ). As at E12.5, α1-4 mRNAs were not detected in any part of the developing pituitary gland (Fig. 1e , h, k, n). As shown in Table 1 , β1 was expressed in some parenchymal cells of the pars distalis. β2 and γ1-2 mRNAs were detected in some parenchymal cells of the pars distalis, pars intermedia, and pars tuberalis, whereas expression of β3 and γ3 mRNAs had diminished at this stage.
At E19.5, the vasculature had invaded the adenohypophysis, and the marginal cell layer was clearly distinguishable around the remnant lumen of Rathke's pouch (Fig. 1c) . Expression of α5 mRNA was intense in apical cells of the marginal cell layer and in some parenchymal cells of the anterior lobe (Fig. 1r, r' ). α1 and α4 mRNAs were strongly expressed in cells of the vasculature of the anterior lobe (Fig. 1f, f' , o, o'), whereas α2-3 mRNAs were not detected in any part of the gland (Fig. 1i, l) . Expression of β1-3 and γ1-3 mRNAs is summarized in Table 1 . β1-2 and γ1-2 mRNAs were detected in some parenchymal cells of the anterior lobe, cells in the marginal cell layer (both anterior and intermediate lobes), and cells of the vasculature of the anterior lobe. No expression of β3 or γ3 mRNAs was detected at this stage.
Postnatal laminin chain expression
At P5, expression of α5 mRNA was sustained in cells of the marginal cell layer (in both the anterior and intermediate lobes) and in some parenchymal cells of the ante-rior lobe (Fig. 2p, p', p") . However, the signals were lower than in the prenatal stage. No expression of α1-4 mRNAs was detected in the gland at P5 (Fig. 2d, g, j, m) , although α1 and α4 mRNAs were observed in vasculature cells at E19.5 (Fig. 1f, f' , o, o'). Expression of β1-3 and γ1-3 mRNAs is summarized in Table 1 . β1-2 mRNAs were expressed in cells of the marginal cell layer (in both the anterior and intermediate lobes) and in some parenchymal cells of the anterior lobe, but not in vasculature cells. Expression of γ1 mRNA was detected in some parenchymal cells of the anterior lobe and in cells of the marginal cell layer (intermediate lobe), whereas γ2 mRNA was detected in some parenchymal cells of the anterior lobe and in cells of the marginal cell layer (anterior lobe). Laminin β3 and γ3 mRNAs were not detected in the gland at this stage.
At P10, expression of α5 mRNA was similar to that at P5 (Fig. 2q, q' , q"). Laminin α1 mRNA was re-expressed in parenchymal cells of the anterior lobe (Fig. 2e, e' ), but no signal was detected for α2-4 mRNAs (Fig. 2h, k, n) . As summarized in Table 1 , β1 and γ2 mRNAs were also expressed in some parenchymal cells of the anterior lobe and in cells of the vasculature of the anterior lobe, but not in cells from the marginal cell layer. Expression of β2 and γ1 mRNAs was detected in all parts of the gland (some parenchymal cells of the anterior lobe, cells of the marginal cell layer, and cells of the vasculature of the anterior lobe), while β3 and γ3 mRNAs were not detected in the gland.
At P30, α1-5 mRNAs were detected as follows: the positive signal for α5 mRNA was weaker in cells of the marginal cell layer and in parenchymal cells of the anterior lobe, as compared with signals at P5 and P10 (Fig. 2r, r' ). Expressions of α2 and α4 mRNA were intensely and specifically expressed in cells of the vasculature of the anterior lobe (Fig. 2i, i', o, o' ), while α1 mRNA was strongly detected in parenchymal cells of the anterior lobe (Fig. 2f,  f' ). Expression of α3 mRNA was first expressed in some parenchymal cells and cells of the marginal cell layer (in both the anterior and intermediate lobes) (Fig. 2l, l') . Expression of β1-3 and γ1-3 mRNAs is summarized in Table 1 . Laminin β1 and γ1 mRNAs were detected in all parts of the gland (in some parenchymal cells of the anterior lobe, cells of the marginal cell layer, and cells of the vasculature of the anterior lobe), whereas β2 and γ2 mRNAs were expressed in parenchymal cells of the anterior lobe and in vasculature cells of the anterior lobe, but not in cells of the marginal cell layer. Expression of β3 and γ3 mRNA was not detectable in any part of the pituitary gland.
IV. Discussion
Using in situ hybridization we identified the laminin chains present in the prenatal and postnatal stages of rat anterior pituitary glands. The laminin isoforms containing α5 were exclusively expressed in the early prenatal stage of It has been reported that, in some tissues, laminin isoforms are spatiotemporally regulated and that expression levels change during development [25] . For instance, in the glomerulus, laminin 111 is involved during early glomeru- P5 (a, d, g, j, m,  p), P10 (b, e, h, k, n, q), and P30 (c, f, i, l, o, r) . Hematoxylin and eosin staining is shown in a-c. In situ hybridization of laminin α1, α2, α3, α4, and α5 chains is shown in (d-f), (g-i), (j-l), (m-o), and (p-r), respectively. Positive signals of laminin α chains are seen in the cytoplasm of cells (purple); bars=100 μm. Higher magnification views of the boxes in e, f, i, l, o, p, q, and r are shown in e', f', i', l', o', p', p", q', q" , and r', respectively; bar=10 μm. PN: pars nervosa, PI: pars intermedia, PT: pars tuberalis, PD: pars distalis, arrows: labelled cells in vasculature.
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Laminin Expression in Pituitary Development logenesis and then replaced by laminin 511 and 521 during the process of glomerular maturation; only laminin 521 remains in the mature glomerulus [15] . In skeletal muscle, laminin 111 is expressed during the developmental stage and is then changed to laminin 211 at the adult stage [17, 18] . Aumailley et al. [1] hypothesized that the structural and functional properties of laminin are changed by alterations in the combination of the α, β, and γ chains and that these alterations contribute to proper tissue development. Among the 3 laminin chains, the α chain is thought to be the major determinant of laminin structure and function, since it is largely responsible for cell surface adhesion and receptor interactions [30] and is required for laminin secretion [28] . Thus, the expected functions of the laminin isoforms in this study are discussed below in relation to the α chain.
Laminin isoforms containing α5 are commonly expressed in adult tissues, including the lung and kidney [19, 22] . Interestingly, the present study revealed that laminin isoforms containing α5 are the first isoforms expressed during anterior pituitary development (at E12.5) and are expressed before differentiation of hormone-producing cells in rat anterior pituitary (at E13) [16] . During organogenesis, laminin isoforms containing α5 are believed to increase the structural integrity of the basement membrane [23] . Therefore, these isoforms might support initial invagination of the oral ectoderm and subsequent formation of the pituitary anlage. In the present study, we also found that these isoforms were strongly expressed in cells of the marginal cell layer during the postnatal stages. The marginal cell layer is formed by epithelial cells that encircle the residual lumen of Rathke's pouch and contains undifferentiated cells [7, 26, 27] . Because recombinant laminin containing α5 is involved in self-renewal of mouse embryonic stem cells [5] , it is possible that laminin isoforms containing α5 are required for maintenance of undifferentiated cells in the anterior pituitary gland.
The expression of laminin isoforms containing α1 was unique during pituitary gland development. Briefly, isoforms were first expressed in vasculature cells of the anterior lobe at E19.5 (Fig. 1f, f' ). They disappeared shortly thereafter and were then re-expressed in some parenchymal cells of the anterior lobe from P10 to P30 (Fig. 2e, e', f, f' ). This is the first report to show that laminin-producing cells in the same tissue are altered during development. Our previous study showed that, at P60, the laminin α1 chain was produced only by gonadotrophs [20] ; thus, it is likely that cells producing the laminin α1 chain from P10 to P30 are gonadotrophs. In rat anterior pituitary, gonadotroph maturation occurred after the first postnatal week [4] , which suggests that maturing/matured gonadotrophs produce laminin isoforms containing laminin α1.
Laminin isoforms containing the α4 chain are generally produced by vascular endothelial cells [8] . Consistent with this observation, the present study noted expression of the α4 chain in vasculature cells at E19.5. Interestingly, in the anterior pituitary gland the α4 chain was not expressed at P5 or P10 (Fig. 2m, n) and was re-expressed in the vasculature at P30 until P60 (Fig. 2o, o' ; Table 1 ). Temporal alteration of α4 chain expression has not been reported during vascular development in other tissues; therefore, this phenomenon might be associated with distinct vascular development and maturation in the pituitary gland. Our group showed that only a partial basement membrane was present in the rat anterior pituitary at P5 and that it gradually formed an intact vascular basement membrane until P30 [12] . We speculate that incomplete vascular basement membrane formation at the early postnatal stage is due to the loss of expression of laminin isoforms containing α4 and that re-expression during the late postnatal stage is required for completion of vascular basement membrane formation.
At P30, we observed transient expression of laminin isoforms containing α2 and α3 in vasculature cells and parenchymal cells of the anterior lobe, respectively. Some reports showed that laminin 211 and 221 are involved in the strength and stability of the basement membrane in skeletal muscle [17] and that laminin 332 is involved in cell migration and adhesion in epithelial cells of skin [9] . However, further study is required in order to understand the physiological significance of these isoforms at this specific stage of anterior pituitary development.
In conjunction with alteration of α chain expression, the present study showed that expressions of the β and γ chains also varied during anterior pituitary gland development (Table 1 ). In addition to the α chain, the β and γ chains are required for self-assembly in the formation of the basement membrane [3] . Cheng et al. [3] proposed a model in which assembly of the α chain with the β and γ chains led to further diversification of the functions of laminin isoforms, as the β and γ chains have varied binding sites. Proper spatiotemporal expression of the β and γ chains might also be important in the development of the pituitary gland.
In conclusion, the different laminin isoforms expressed during each developmental stage may have distinct structural and functional effects on the basement membrane and contribute to development of hormoneproducing cells and stromal cells in the anterior pituitary gland. Further studies are needed in order to clarify the mechanisms involved.
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